Introduction
Rheumatoid arthritis (RA) is a complex inflammatory disease characterized by symmetric and erosive arthritis typically affecting small-and medium-sized joints [1, 2] . When not treated effectively, RA can cause significant pain and progressive joint damage that can lead to disability and a reduced quality of life [1, 2] . The disease burden in RA is associated with multiple comorbidities and psychosocial impairments [1, 2] . Conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs) are recommended as the first-line treatment for patients with RA [3] [4] [5] .
For patients who have active disease despite initial csDMARD monotherapy, guidelines recommend treatment advancement to a combination of csDMARDs and/or use of biologics or Janus kinase inhibitors (JAKi) [3] [4] [5] . In clinical practice, it is common for patients treated with csDMARDs to remain in a moderate-to-high disease state without treatment advancement to a biologic or targeted synthetic DMARD [6] . Although there is international consensus on treatment advancement until remission-to-low disease activity is achieved [7] , it is unknown whether this occurs consistently in everyday clinical practice. Patients with RA who remain in a moderateto-high disease activity state have worse short-and longerterm outcomes (increased pain burden, disability, irreversible joint damage, etc.) [8] .
This study sought to characterize disease burden among patients with RA with moderate-to-high disease activity who received csDMARD monotherapy for at least 6 months but whose treatment had not been advanced to a biologic or JAKi. Among those with moderate-to-high disease activity, treatment patterns and disease activity were assessed at a subsequent visit 6 months later and compared between those patients who achieved remission-to-low disease activity and those who remained moderate-to-high at that 6-month visit; treatment patterns and patient characteristics were also compared between those who advanced treatment and those who did not. This study also aimed to identify factors associated with treatment advancement.
Materials and methods

Data source
This was a retrospective, descriptive analysis of the US Corrona RA registry. The US Corrona RA Registry is an independent, prospective, observational cohort of patients with RA that was initiated in 2001 [9] . As of December 31, 2018, the US Corrona RA Registry included data from about 50,600 patients with approximately 384,400 visits and approximately 180,600 person-years of follow-up. Information on disease duration, disease severity and activity, comorbidities, medication usage, and patient-reported outcome (PRO) data on clinical outcomes are collected from both patients and their treating rheumatologists.
All patients provided written informed consent and authorization before enrollment in the Corrona registry. Participating investigators were required to obtain full board approval for conducting noninterventional research involving human subjects with a limited dataset. Institutional review board (IRB) approvals for the registry and the current study were obtained from a central IRB (New England IRB (NEIRB; No. 120160610)) for private practice sites and from local IRBs for each participating academic site.
Study population
Adult patients (aged ≥ 18 years) enrolled in the US Corrona RA Registry between June 1, 2014, and January 30, 2018, continuously receiving csDMARD monotherapy (hydroxychloroquine, leflunomide, methotrexate, or sulfasalazine) for at least 6 months were eligible for inclusion. Patients with prior biologic or JAKi exposure were excluded from the study. Eligible patients had moderate-to-high disease activity (Clinical Disease Activity Index (CDAI) > 10) at the index visit (baseline); patients with a CDAI ≤ 10 at the index visit were excluded. Patients were required to have had an index visit with at least one 6-month follow-up visit. The 6month follow-up visit was defined as any visit within the 3-9 months window after the index visit/baseline period. The baseline period was defined as the 6-month continuous csDMARD monotherapy and biologic-naive treatment period prior to the index visit ( Fig. 1 ).
Data analysis
An initial descriptive analysis was conducted to assess the proportion of patients with moderate-to-high disease activity despite continued 6-month csDMARD monotherapy. The total study population was further divided into two cohorts based on moderate-to-high (CDAI > 10) vs. remission-to-low (CDAI ≤ 10) CDAI level at the 6-month follow-up visit. The distributions of patient demographics, clinical characteristics, and disease activity at baseline were assessed in cohorts CDAI > 10 or CDAI ≤ 10 by descriptive statistics.
The changes from baseline to follow-up in disease activity measures were also assessed descriptively and compared between the two visits (baseline and 6-month follow-up visit) by pairwise t-test for continuous outcomes and McNemar's test for paired nominal measures in total as well as within each cohort (CDAI > 10 or CDAI ≤ 10).
Among patients with a disease activity assessment at the 6-month follow-up visit, descriptive statistics were used to evaluate patient demographics, clinical characteristics, and disease activities at baseline among three groups of RA disease duration (< 2 years, 2-5 years, > 5 years). Statistical significance of the association between each of these variables and disease duration were determined using chi-square tests for categorical variables and the Kruskal-Wallis one-way analysis of variance (ANOVA) for continuous measures. The change in disease activity from baseline was also assessed descriptively and stratified by disease duration (< 2 years, 2-5 years, > 5 years). The Kruskal-Wallis one-way ANOVA was used to determine if there were any statistically significant differences between the mean changes of disease activity among the three groups of disease duration. Additionally, the baseline characteristics of those patients who advanced treatment vs. those who did not advance treatment and were persistent in a moderate-to-high disease activity state after 6 months was reported. Treatment advancement was defined as either a dose escalation of the initial csDMARD or initiation of a DMARD (conventional synthetic, targeted synthetic, and biologic) from the index visit to the 6-month visit. Patient characteristics between patients with or without therapy advancement were assessed by descriptive statistics and compared by Wilcoxon's rank-sum test for continuous variables and chi-square test for categorical measures.
Exploratory analyses were used to determine factors associated with lack of advancement in patients who persisted with moderate-to-high disease activity. The frequency and percentage of patients who received each treatment advancement type were calculated. Univariate and multiple logistic regression models were utilized to predict the probability of patients' advancement based on baseline demographic and clinical characteristics and to quantify how strongly each of these prognostic factors was associated with treatment advancement by odds ratio (OR).
Results
Overall study population A total of 23,022 patients aged 18 years or older with RA had enrolled in the US Corrona RA Registry as of June 1, 2014. Of 2982 biologic-naïve patients on csDMARD monotherapy for at least 6 months, a total of 809 (27%) patients persisted with moderate-to-high disease activity and were considered for this study; 525/809 completed a visit at least 3 months after their index visit and were therefore eligible for inclusion. Of those, 414 completed a follow-up visit at 3-9 months after the index visit and 409 had a CDAI assessment at 6 months (Fig. 2 ). The mean (SD) age of patients with the CDAI assessment at 6 months was 65.9 (12.6), and patients had a mean duration of csDMARD therapy of 407 days (221). Further details on patient demographics are provided in Table 1 .
Disease activity
Despite receiving csDMARDs continuously for ≥ 6 months prior to cohort entry, 54% (219/409) of patients with a CDAI assessment had persistent moderate-to-severe disease activity at the 6-month (± 3 months) follow-up visit.
Among patients with CDAI > 10 at 6 months (n = 219), no significant improvement in disease activity was observed ( Table 2) , but an increased mean modified Health Assessment Questionnaire (mHAQ) score (p = 0.040) at the 6-month follow-up visit was noted. Apart from achieving CDAI remission-to-low disease activity at the 6-month visit, there was also strong evidence that patients in the CDAI ≤ 10 at 6 months cohort experienced significant improvement in other outcomes, including pain (p < 0.001), fatigue (p < 0.001), morning stiffness duration (p = 0.01), and mHAQ (p = 0.03) ( Table 2) .
When stratified by disease duration, baseline characteristics such as age, sex, race, and comorbidities were similar across the three disease duration categories of < 2, 2-5, and ≥ 5 years in the group of patients with CDAI > 10 at 6 months (data not shown). Patients with a shorter disease duration (< 2 years) had significantly higher baseline disease activity (p = 0.004) and tender joint counts (p < 0.001) (data not shown). Among patients with CDAI ≤ 10 at 6 months stratified by disease duration, changes in disease activity from baseline to the 6-month follow-up visit were larger among patients with a shorter disease duration, and patients with an RA disease duration of < 2 years had a significantly larger decrease in tender joint count (p = 0.016) compared with patients with longer disease durations (Table 3) .
Treatment advancement at 6 months
Of the patients who completed a visit at 3-9 months after the index date, treatment advancement occurred in 118 (29%) patients, with 291/409 (71%) having no change. Dose escalation of the csDMARD, initiation of another csDMARD, and initiation of a biologic DMARD occurred in 55 (13%), 33 (8%), and 40 (10%) patients in the total population (n = 409), respectively (data not shown). Patients who did not advance but still had CDAI > 10 after 6 months had a mean (SD) age 66.6 (12.4) years, duration of csDMARD use of 371.8 (202.3) days, and duration of RA of 11.4 (11.0) years. Medication advancement was significantly associated with younger age (p = 0.007), shorter duration of RA disease (p < 0.001), use of prednisone at doses ≥ 10 mg (p = 0.023), lower EuroQol 5 Dimensions (EQ-5D) scores (p = 0.007), and higher disease activity measures of CDAI (p = 0.008), tender joint counts (p < 0.001), patient global (p = 0.021), patient pain (p = 0.009), patient-reported fatigue (p = 0.002), modified Disease Activity Scale 28 (mDAS28) (p < 0.001), mHAQ (p = 0.035), and duration of morning stiffness (p = 0.012) at baseline (Table 4 ). Among patients with medication advancement, significantly greater changes in disease activity measures at the 6-month follow-up visit relative to baseline were observed for patient global (p = 0.006), patient pain (p = 0.021), patient-reported fatigue (p = 0.027), and duration of morning stiffness (p = 0.029).
The results from univariate logistic regression analysis further confirmed the relationship of patient baseline characteristics with medication advancement, with the exception of mHAQ. The significant variables from the univariate analysis served as candidate variables for multiple logistic regression analysis. Multiple logistic regression analysis results showed that medication advancement was significantly associated with RA duration (OR = 0.97, p = 0.032), even after adjusting for nonsteroidal anti-inflammatory drug use (OR = 1.31, p = 0.26), high CDAI score (OR = 1.02, p = 0.15), and patient fatigue (OR = 1.01, p = 0.15).
Discussion
csDMARDs are recommended as the first-line treatment for patients with RA. However, for patients who have active disease despite csDMARD monotherapy, guidelines recommend treatment advancement to a combination of csDMARDs and/or use of biologics [3] [4] [5] . More than 50% of patients with RA treated with csDMARD monotherapy in our study did not achieve remission-to-low disease activity. Despite a substantial number of patients with persistent moderate-to-high disease activity and guideline recommendations to advance treatment in such cases, treatment advancement was observed in < 30% of patients. This finding is in agreement with a recent study looking at prescribing patterns of biologic and nonbiologic DMARDs among patients with RA, which reported that a large number of patients did not receive care consistent with guideline recommendations [10] .
In the present study, more than half of patients with RA did not have an adequate response to csDMARD monotherapy and a significant increase in mean mHAQ was observed at the 6-month [11] . Additionally, in patients with RA, a change in mHAQ of 0.25 has been suggested to be clinically meaningful [12] . A significant increase in mHAQ from 0.49 to 0.54 (p = 0.04) over a 6-month period may indicate more rapidly progressing and clinically significant disability in patients who continued with uncontrolled disease. Furthermore, a substantial number of patients on csDMARDs (54% of 409 patients) had persistent moderate-to-high disease activity over 6 months of follow-up. These patients who persisted with moderate-to-high disease activity and did not advance treatment had a mean RA duration of 11.4 (10.99) years. Patients who did advance therapy tended to be younger, had a shorter duration of RA, had higher disease activity at baseline, and had a significantly higher baseline mean mHAQ.
In addition to elucidating the proportion of patients who do not advance therapy despite persistent moderate-to-high disease activity over 6 months of follow-up, it is also important to understand the factors that may be associated with the likelihood of therapy advancement. In this study, patients with younger age, shorter RA duration, and higher disease activity were more likely to have their medication treatment advanced leading to improvements in patient-reported pain, fatigue, and morning stiffness duration among these patients. Conversely, 54% of patients remained in a moderate-to-high disease activity state and did not experience improvements in disease activity measures, which suggests that potentially more anti-CCP, anti-cyclic citrullinated peptide antibody; csDMARD, conventional synthetic disease-modifying antirheumatic drug; RF, rheumatoid factor; mg, milligram; SD, standard deviation aggressive treatment is needed across the entire population of patients with RA. Consistent with the findings in this study, patient factors, such as disease duration, disease activity, and work status, have been described elsewhere as contributing to patients receiving care in line with treatment recommendations [13] . Additionally, treatment approaches have been determined to be less consistent with the published American College of Rheumatology recommendations in those with moderate disease activity and poor prognosis [10] . The majority of patients in the current study are not being managed with a treat-to-target philosophy despite its value being widely accepted and despite advanced therapies being readily available to treat patients after an inadequate response to csDMARD monotherapy. Several challenges to implementing the treat-to-target approach to care exist, including the design of clinical medicine, patient reluctance to take therapies, and economic factors [13] [14] [15] [16] [17] [18] . A lack of response to persistent active disease, defined as "clinical inertia," has been documented for other chronic illnesses [14] . Furthermore, many healthcare providers are not designed or trained to routinely assess disease activity, and many practitioners are not engaging in shared decision-making with patients regarding accelerating medications [16] . Patient hesitation may be another factor in the lack of dose escalation [18] . A higher prevalence of skipping medications owing to limited economic means has also been reported for patients with RA compared with patients with other chronic illnesses [15] . A risk/benefit analysis study determined that patients are willing to take on significant risk to achieve benefits from RA medications, such as reductions in pain and swollen joints, especially patients with severe disease [17] . Physicians should take into consideration patient preferences, quality of life, economic factors, and willingness to take on an increased risk of adverse events when discussing treatment plans with patients with RA.
Despite the guidelines recommending treatment advancement when there is an inadequate response to initial csDMARD monotherapy [3, 4] , this may not be occurring in real-world clinical settings. It is appropriate to reevaluate treatment after 3-6 months, and patients who are not responding to treatment should have their dose escalated, switch therapy, or have an additional therapy added to their current regimen [3, 4] . Systematically evaluating disease activity and responding with titrating medications is something healthcare providers should consider for patients with RA. Additionally, understanding of the disease burden among patients with RA on csDMARD treatment could lead to the development of new treatment regimens for patients.
Limitations
This study has several limitations. As with any registry study, it is hard to assess whether the patients are representative of the total population of patients with RA across the USA in terms of clinical characteristics and RA treatment practices given there is no national health plan that enrolls all patients; however, a recent study has shown that Medicare beneficiaries enrolled in the US .008 a n = 216 for patient-reported fatigue, morning stiffness, and morning stiffness duration; n = 209 for mDAS28 score and mHAQ score; and n = 179 for EQ-5D score b n = 187 for patient-reported fatigue and morning stiffness duration, n = 184 for mDAS28 score and mHAQ score, n = 188 for morning stiffness, and n = 138 for EQ-5D score EQ-5D, EuroQol 5 Dimensions; mDAS, modified Disease Activity Scale; mHAQ, modified Health Assessment Questionnaire; SD, standard deviation Table 3 Change 0.23 a n = 30 for patient-reported fatigue b n = 48 for mDAS28 score and mHAQ score c n = 137 for patient-reported fatigue, n = 130 for mDAS28 score and mHAQ score, and n = 136 for morning stiffness and stiffness duration d n = 25 for all measurements e n = 38 for patient-reported fatigue and n = 39 for morning stiffness and stiffness duration f n = 123 for patient pain, patient-reported fatigue, and morning stiffness; n = 118 for mDAS28 score and mHAQ score; and n = 122 for morning stiffness duration mDAS, modified Disease Activity Scale; mHAQ, modified Health Assessment Questionnaire; SD, standard deviation Corrona Registry share similar demographic and clinical characteristics with Medicare beneficiaries with claims for RA who were not enrolled [19] . Although this study did not evaluate whether financial concerns may have been a factor in treatment decisions, it did examine treatment patterns for at least 3 months (up to 9 months) after the index visit; however, it may take more time for providers to incorporate therapy advancements and treat-to-target recommendations in clinical practice. It may be appropriate to delay treatment advancement if patients have borderline elevated disease activity or elevated disease activity due to a time-limited event. It is also unknown whether patients were offered therapies but declined to advance their treatment; this was shown to occur in a recently published treat-to-target trial which documented reasons for patient unwillingness to advance treatment [18] .
Additionally, this study did not systematically identify comorbidities which can contribute to the clinical decision to not advance treatment. Finally, because of less frequent reports of visits and/or prior or current biologic use, some of the patients enrolled in the US Corrona RA Registry did not meet the inclusion criteria for this study.
Conclusion
As described in this article, a substantial number of patients with RA continue to be managed with csDMARD monotherapy despite remaining in moderate-to-high disease activity at a 6-month follow-up visit. This indicates that there is considerable need for a treat-to-target approach to care to prevent joint damage and physical disability and maximize long-term health-related quality of life for patients with RA. Furthermore, future studies are warranted to elucidate factors related to the response variation of csDMARD and treatment selection for RA disease.
Funding information This study is sponsored by Corrona, LLC. Access to study data was limited to Corrona and Corrona statisticians completed all of the analysis; all authors contributed to the interpretation of the EQ-5D score, mean (SD) 0.74 (0.18) 0.69 (0.17) 0.007 a n = 290 for duration of RA, patient pain, patient-reported fatigue and morning stiffness duration; n = 289 for age; n = 288 for age at onset; n = 282 for mDAS28 score and mHAQ score; and n = 253 for EQ-5D score b n = 117 for mDAS28 score and mHAQ score, n = 116 for patient-reported fatigue, and n = 102 for EQ-5D score EQ-5D, EuroQol 5 Dimensions; mDAS, modified Disease Activity Scale; mHAQ, modified Health Assessment Questionnaire; SD, standard deviation results. Corrona, LLC has been supported through contracted subscriptions in the last 2 years by AbbVie, Amgen, Boehringer Ingelheim, Bristol-Myers Squibb, Celgene, Crescendo, Eli Lilly and Company, Genentech, Gilead, GSK, Janssen, Merck, Momenta Pharmaceuticals, Novartis, Ortho Dermatologics, Pfizer Inc., Regeneron, Roche, Sun, UCB, and Valeant. Financial support for the study was provided by AbbVie. AbbVie participated in the design of the study, study conduct, interpretation of data, review, and approval of the manuscript. Medical writing support was provided by Brandy Menges, PhD, and Fiona Woodward, PhD, CMPP, of JK Associates Inc., a member of the Fishawack Group of Companies; this support was funded by AbbVie.
Compliance with ethical standards
All patients provided written informed consent and authorization before enrollment in the Corrona registry. Participating investigators were required to obtain full board approval for conducting noninterventional research involving human subjects with a limited dataset. Institutional review board (IRB) approvals for the registry and the current study were obtained from a central IRB (New England IRB (NEIRB; No. 120160610)) for private practice sites and from local IRBs for each participating academic site. For academic sites that did not receive a waiver to use the central IRB, documentation of approval from the respective local IRB was submitted to Corrona, LLC, prior to the initiation of any study procedures.
